The novel 3,4-dichloro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2) was easily synthesized from chlorination of 6-ethyl-4-hydroxy-3-nitro-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (1). A variety of heteoannulated pyrano[3,2-c]quinoline derivatives were efficiently synthesized from the condensation reactions of compound 2 with some binucleophiles. The structures of the novel compounds were established by elemental analyses and spectral data.
Introduction
Pyranoquinolinones constitute the parent ring structure of pyranoquinoline alkaloids which occur in the plant family Rutaceae. These pyranoquinoline alkaloids have gained considerable importance due to their pharmaceutical activities like anti-coagulant, 1 coronary constricting, 2 antifungal, 3 anti-histaminic, anti-allergic and anti-inflammatory. 4 Further, these pyranoquinolinones are also used as synthetic precursors for the synthesis of 4-hydroxyquinolin-2(1H)-ones and 3-acetyl-4-hydroxyquinolin-2(1H)-one derivatves. 5, 6 A good deal of work has been done on the synthesis of these types of compounds with various substitutions in the aromatic ring. [7] [8] [9] On the other hand, ortho-dichloro heterocycles are good building blocks for the synthesis of fused heterocyclic compounds. [10] [11] [12] [13] On the basis of the above observation and in continuation to our research work directed on the chemistry of pyrano [3,2-c] quinolinedione derivatives, [14] [15] [16] [17] the present work aimed to synthesize the novel 3,4-dichloro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2) as a starting material and study its chemical reactivity towards some 1,4-bifunctional nucleophiles, hoping to get a novel heteroannulated pyrano [3,2-c] quinolinediones in which the bioactive pyrano[3,2-c]quinoline-2,5(6H)-dione ring system fused with a variety of heterocyclic compounds.
Results and Discussion
In the previous work, 18 chlorination of 6-ethyl-4-hydroxy-3-nitro-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (1) 14 using POCl 3 under mild conditions produced the corresponding chloro derivative, 4-chloro-3-nitro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione. Herein, we found that chlorination of compound 1 using more strength conditions using a mixture of POCl 3 and PCl 5 produced the novel 3,4-dichloro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2) in 68% yield (Scheme 1). Structure of dichloro derivative 2 was established from its correct elemental analysis and spectral data. The mass spectrum of compound 2 revealed the molecular ion peak at m/z 309, as the base peak, which agrees well with the molecular formula C 14 H 9 Cl 2 NO 3 . The spectrum also revealed M+2 and M+4 at m/z 311 and 313, respectively, as expected for compounds containing two chlorine atoms. The dichloro derivative 2, as 1,2-bifunctional electrophiles, represents a good building block for the synthesis of a series of heteroannulated pyrano[3,2-c]quinolinediones, via its condensation reactions with a variety of 1,4-bifiunctional nucleophiles. Thus, condensation of compound 2 with ethylenediamine and o-phenylenediamine in absolute ethanol produced the heteroannulated pyrano[3,2-c]quinolinediones 3 and 4, respectively (Scheme 2). The elemental analyses agree well with the molecular formula for compounds 3 and 4 which prove the elimination of the two chlorine atoms during the reaction. These reactions may proceed initially via nucleophilic attack at C-4 position with elimination of a molecule of HCl (C-4 is more electron deficient, β position of α,β-unsaturated ketone) followed by nucleophilic attack by the other amino group at C-3 with elimination of another molecule of HCl. The The reaction of dichloro derivative 2 was studied towards a variety of unsymmetrical bifunctional nucleophiles. Thus, condensation of compound 2 with 2-aminophenol and 2-aminothiophenol in absolute ethanol containing few drops of triethylamine (TEA) gave the heteroannulated pyrano[3,2-c]quinolinedione derivatives 5 and 6, respectively (Scheme 3). These reactions may proceed via nucleophilic attack of NH 2 group at C-4 position with elimination of HCl followed by heterocyclization with loss of another molecule of HCl. The 1 H NMR spectra of compounds 5 and 6 showed an exchangeable signals attributed to the NH protons at δ 9.86 and 10.84 ppm, respectively. Structure of compound 5 was further deduced from its mass spectrum which revealed the molecular ion peak at m/z 346 which agrees well with the formula weight (346.35) and supports the structure. . The 1 H NMR spectra of compounds 12 and 13 showed signals attributed to the ethyl and eight aromatic protons, in addition to an exchangeable signals attributed to the NH protons at δ 11.33 and 11.65 ppm, respectively. Also, the mass spectrum of compound 12 showed the molecular ion peak at m/z 370 which agrees well with the formula weight (370.36) and supports the identity of structure.
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Conclusions
In the present work, the novel 3,4-dichloro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2) was efficiently synthesized and utilized as a good precursor to obtain a variety of novel annulated heterocyclic systems containing pyrano[3,2-c]quinolinedione moiety.
Experimental Section
General. Melting points were determined on a digital Stuart SMP3 apparatus. Infrared spectra were measured on Perkin-Elmer 293 spectrophotometer (cm -1 ), using KBr disks. 1 H NMR spectra were measured on Jeol Eca-(500MHz), and/or Mercury-300BB (300MHz), using DMSO-d 6 as a solvent and TMS (δ) as the internal standard. 13 C NMR spectra were measured on Mercury-300BB (75 MHz), using DMSO-d 6 as a solvent and TMS (δ) as the internal standard. Mass spectra were obtained using GC-2010 Shimadzu Gas chromatography mass spectrometry instrument (70 eV). Elemental microanalyses were performed on a Perkin-Elmer CHN-2400 analyzer.
3,4-Dichloro-6-ethyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2).
A mixture of compound 1 (3.02 g, 10 mmol) in phosphorus oxychloride (10 mL) and phosphorus pentachloride (3 g, 15 mmol) was heated under reflux for 4h, or till the evaporation of the brown vapors ceased. After cooling, the reaction mixture was poured onto crushed ice. Ethyl-1,2,3,4-tetrahydroquinolino[3',4':5,6]pyrano[3,4-b]pyrazine-5,12(6H,11H) 1,2,4]triazine-1,3-dicarbonitrile (11) . A mixture of compound 2 (0.62 g, 2 mmol) and 1,6-diamino-4-(4-chlorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (9) (0.56 g, 2 mmol), in DMF (10 mL) containing two drops of triethylamine, was heated under reflux for 3h. The precipitate so formed during heating was filtered off and
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